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Abstract
Flavor changing neutral current processes such as b→ s γ, b→ s l+ l−, b→ s ν ν, ǫK ,
∆mB, K
+ → π+ ν ν andKL → π0 ν ν are calculated in the supersymmetric standard
model based on supergravity. We consider two assumptions for the soft supersym-
metry breaking terms. In the minimal case soft breaking terms for all scalar fields
are taken to be universal at the GUT scale whereas those terms are different for
the squark/slepton sector and the Higgs sector in the nonminimal case. In the cal-
culation we have taken into account the next-to-leading order QCD correction to
the b→ s γ branching ratio, the results from the LEP II superparticles search, and
the condition of the radiative electroweak symmetry breaking. We show that ∆mB
and ǫK can be enhanced up to 40% compared to the Standard Model values in the
nonminimal case. In the same parameter region the b→ s ν ν, K+ → π+ ν ν and
KL → π0 ν ν branching ratios are reduced up to 10%. The corresponding devia-
tion in the minimal case is 20% for ∆mB and ǫK and within 3% for the b→ s ν ν,
K+ → π+ ν ν and KL → π0 ν ν. For the b→ s l+ l− process the significant devia-
tion from the Standard Model is realized only when the b→ s γ amplitude has an
opposite sign to the Standard Model prediction. Significance on these results from
possible future improvements of the b→ s γ branching ratio measurement and top
squark search is discussed.
∗Address from April 1, 1998: Theory Group, KEK, Tsukuba, Ibaraki, 305-0801 Japan.
I Introduction
Rare processes such as flavor changing neutral current (FCNC) processes have been
useful probes for the physics beyond the energy scale directly accessible in collider
experiments. Among new physics beyond the standard model (SM), supersymmetry
(SUSY) is considered to be the most promising candidate. Since FCNC is absent
at the tree level in the minimal supersymmetric standard model (MSSM) as in the
SM, these rare processes can give useful constraints on the masses and mixings of
the SUSY particles through loop diagrams.
Although squark masses are free parameters within the framework of the
MSSM, it is known that too large FCNC’s are induced if we allow arbitrary mass
splittings and mixings among the squarks with the same quantum numbers [1]. This
suggests that the SUSY breaking in the MSSM sector is induced from a generation-
independent interaction. A simple realization of the generation-independent SUSY
breaking is the minimal supergravity model. In this case the SUSY breaking in the
hidden sector is transmitted to the MSSM sector by the gravitational interaction
which does not distinguish the generation nor other gauge quantum numbers. As a
result, induced soft SUSY breaking masses are equal at the Planck scale for all scalar
fields in the MSSM sector. FCNC processes have been studied extensively in the su-
pergravity model as well as more general context of the SUSY models for theK0–K
0
and the B0–B
0
mixings [2–6], b→ s γ [3,4,7], b→ s l+ l− [4,8,9], b→ s ν ν [4,9] and
K → π ν ν [10, 11]. In Ref. [6] the B0–B0 mixing and ǫK (CP violating parameter
in the K0–K
0
mixing) were calculated in the minimal supergravity model under the
LEP constraints and it was shown that these quantities can be larger than the SM
values by 20%. Rare b decay processes such as b→ s γ, b→ s l+ l−, and b→ s ν ν
are considered in Ref. [9] and it was pointed out that, taking account of the LEP 1.5
constraints, there is a parameter region where the b→ s l+ l− branching ratio can
be enhanced by 50% compared to the SM value. Also the b→ s ν ν branching ratio
is shown to be reduced at most by 10% from the SM prediction.
In this way effects of SUSY particles and the charged Higgs boson vary from
a few % to several ten’s % depending on various FCNC processes. Since future
experiments on B and K decays may reveal new physics effects of this magnitude it
is important to make quantitative predictions using updated constraints on SUSY
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parameter space. Recent important theoretical improvement in this aspect is that
the complete next-to-leading order formula of the QCD correction to the branching
ratio of b→ s γ becomes available for the SM [12] and the two Higgs doublet models
[13]. As a result, the theoretical uncertainty in the calculation of B(b→ s γ) has
been reduced to <∼ 10% level.
In this paper we study the SUSY contributions to FCNC processes under the
updated constraints. We take account of the next-to-leading order QCD corrections
for the evaluation of B(b→ s γ) as well as the bounds on SUSY particle masses from
the recent LEP II results [14] in order to obtain the allowed region in the SUSY
parameter space. Then we evaluate various FCNC quantities such as b→ s l+ l−,
b→ s ν ν, B0–B0 mixing amplitude, ǫK , K+ → π+ ν ν and KL → π0 ν ν within the
allowed parameter region. The numerical results depend on assumption of SUSY
breaking terms at the GUT scale. In particular, in the minimal supergravity model
soft SUSY breaking terms for all scalar fields are assumed to be the same at the
GUT scale. If we would like to suppress too large SUSY contributions to the K0–K
0
mixing it is sufficient to require the degeneracy of the soft SUSY breaking masses
only in the squark sector. Because the strict universality for all scalar masses is
not necessarily required in the context of the supergravity model, we study how the
allowed deviations of the FCNC quantities change when the universality condition
is relaxed. For this purpose we take the soft SUSY breaking term for the Higgs
masses as a parameter independent of the universal squark/slepton mass. This kind
of assumption was considered in Ref. [15] in a different context. We will see that the
SUSY effects are considerably enhanced in a parameter space which is excluded in
the minimal case from the condition of the proper electroweak symmetry breaking.
In the nonminimal case, the branching ratios of K → π ν ν can be smaller than the
SM values by 10%, and at the same time, ǫK and the B
0–B
0
mixing become larger
than the SM values by 40% for tan β = 2. The corresponding values in the minimal
case are given by 3% and 20%, respectively. For b→ s l+ l−, the result does not
significantly differ from the minimal case: there is a parameter space where the
branching ratio becomes larger by 50% than the SM value for a large tan β. We
analyze the correlation between the SUSY contributions to the FCNC processes
and the b→ s γ branching ratio. It turns out that the maximal deviation occurs
in the case that the b→ s γ branching ratio is away from the central value of the
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SM prediction. We also show that the large deviation occurs in a parameter region
where the top squark is relatively light. Therefore the improvement in the b→ s γ
branching ratio measurement and the top squark mass bound will give great impacts
on the SUSY search through the various FCNC processes.
The rest of this paper is organized as follows. In the next section, we introduce
the supergravity model. In Sec. III we describe the calculation of each FCNC quan-
tity. In Sec. IV, our results of numerical analyses are presented. Sec. V is devoted
for discussions and conclusions.
II Supergravity model
In this section we briefly outline calculations of the SUSY particles’ masses and the
mixing parameters in the supergravity model for the minimal and the nonminimal
cases. The actual procedure is the same as those discussed in Ref. [6, 9, 16] except
for the choice of the initial soft SUSY breaking parameters for the nonminimal case.
The MSSM Lagrangian is specified by the superpotential and the soft SUSY
breaking terms. The superpotential is given by
WMSSM = f
ij
DQiDjH1 + f
ij
U QiUjH2 + f
ij
L EiLjH1 + µH1H2 , (2.1)
where the chiral superfields Q, D, U , L, E, H1 and H2 transform under SU(3) ×
SU(2)× U(1) group as following representations:
Qi = (3, 2,
1
6
) , Ui = (3, 1, −2
3
) , Di = (3, 1,
1
3
) ,
Li = (1, 2, −1
2
) , Ei = (1, 1, 1) ,
H1 = (1, 2, −1
2
) , H2 = (1, 2,
1
2
) . (2.2)
The suffices i, j = 1, 2, 3 are generation indices. SU(3) and SU(2) indices are sup-
pressed for simplicity. A general form of the soft SUSY breaking terms is given
by
−Lsoft = (m2Q)i j q˜iq˜†j + (m2D) ji d˜†id˜j + (m2U) ji u˜†iu˜j
+(m2E)
i
j e˜ie˜
†j + (m2L)
j
i l˜
†i l˜j
3
+∆21h
†
1h1 +∆
2
2h
†
2h2 − (Bµh1h2 + h. c. )
+
(
AijDq˜id˜jh1 + A
ij
U q˜iu˜jh2 + A
ij
L e˜i l˜jh1 + h. c.
)
+
(
M1
2
B˜B˜ +
M2
2
W˜W˜ +
M3
2
G˜G˜+ h. c.
)
, (2.3)
where q˜i, u˜i, d˜i, l˜i, e˜i, h1 and h2 are scalar components of chiral superfields Qi, Ui,
Di, Li, Ei, H1 and H2, respectively, and B˜, W˜ and G˜ are U(1), SU(2) and SU(3)
gauge fermions, respectively.
In the framework of the supergravity model, the soft SUSY breaking param-
eters are assumed to have a simple structure at the Planck scale. In the present
analysis, we take the following initial conditions at the GUT scale MGUT ∼ 2× 1016
GeV. We neglect the difference between the Planck and the GUT scales:
(m2Q)
i
j = (m
2
E)
i
j = m
2
0 δ
i
j ,
(m2D)
j
i = (m
2
U)
j
i = (m
2
L)
j
i = m
2
0 δ
j
i , (2.4a)
∆21 = ∆
2
2 = ∆
2
0 , (2.4b)
AijD = f
ij
DXAXm0 , A
ij
L = f
ij
LXAXm0 , A
ij
U = f
ij
UXAXm0 , (2.4c)
M1 = M2 = M3 = MgX . (2.4d)
In the minimal case m0 and ∆0 are assumed to be equal, whereas in the nonminimal
case we take m0 and ∆0 as independent parameters. We also assume that AX ,
MgX and µ are all real parameters to avoid a large electric dipole moment of the
neutron [17]. Therefore, no new CP violating complex phase (other than that in the
Cabibbo-Kobayashi-Maskawa (CKM) matrix) is introduced in the present analysis.
The soft SUSY breaking parameters at the electroweak scale are calculated
by solving the renormalization group equations (RGEs) of the MSSM [18] and we
also impose the radiative electroweak symmetry breaking condition [19]. Taking
the quark masses, the CKM matrix and tan β = 〈h02〉 / 〈h01〉 as inputs, we first solve
one-loop RGEs for the gauge and Yukawa coupling constants to calculate the values
at the GUT scale. Then we solve the RGEs for all MSSM parameters downward
with initial conditions Eq. (2.4) for each set of the universal soft SUSY breaking
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parameters (m0, ∆0, AX , MgX). We include all generation mixings in the RGEs for
both Yukawa coupling constants and the soft SUSY breaking parameters. Next, we
evaluate the Higgs potential at mZ scale including the one-loop corrections induced
by the Yukawa couplings constants of the third generation [20], and require that the
minimum of the potential gives correct vacuum expectation values of the neutral
Higgs fields as 〈h01〉 = v cos β and 〈h02〉 = v sin β where v = 174 GeV. The requirement
of the radiative electroweak symmetry breaking fixes the magnitude of the SUSY
Higgs mass parameter µ and the soft SUSY breaking parameter B. At this stage, all
MSSM parameters at the electroweak scale are determined as functions of the input
parameters (tanβ, m0, ∆0, AX , MgX , sign(µ)). With use of the MSSM parameters
at the electroweak scale, we obtain the masses and the mixing parameters (both
angles and phases) of all the SUSY particles by diagonalizing the mass matrices. We
impose the following phenomenological constraints on the obtained particle spectra.
1. b→ s γ constraint from CLEO, i.e., 1.0×10−4 < B(b→ s γ) < 4.2×10−4 [21].
2. The chargino mass is larger than 91 GeV, and all other charged SUSY particle
masses should be larger than 80 GeV [14].
3. All sneutrino masses are larger than 41 GeV [22].
4. The gluino and squark mass bounds from TEVATRON experiments [23]. The
precise bounds on the gluino and squark masses depend on various SUSY
parameters. Here we impose the constraint reported in Ref. [23] on the pa-
rameter space of the gluino mass and the averaged squark mass except for the
top squark. Actually the gluino mass and the squark masses are more strictly
constrained in this model from the chargino mass bound and the GUT relation
of the gaugino masses, so that these masses are restricted to be larger than
about 200 GeV except for the lighter top squark. For the light top squark,
the experimental bound is obtained at LEP and TEVATRON experiments [24]
which was already taken into account in 2.
5. From the LEP neutralino search [25], Γ(Z → χχ) < 8.4 MeV and B(Z → χχ′),
B(Z → χ′χ′) < 2×10−5 where χ is the lightest neutralino and χ′ denotes other
neutralinos.
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6. The lightest SUSY particle is neutral.
7. The condition for not having a charge or color symmetry breaking minimum
[26].
In the next section we calculate the FCNC and/or CP violating quantities such as
the branching ratios for b→ s l+ l−, b→ s ν ν, K+ → π+ ν ν, KL → π0 ν ν and the
B0–B
0
mixing and ǫK in the allowed parameter region.
III FCNC processes in B and K decays
III.1 b→ s γ, b→ s l+ l− and b→ s ν ν
We basically follow Ref. [9] for the calculations of b→ s γ, b→ s l+ l− and b→ s ν ν
branching ratios, but we improve the calculation taking into account the next-to-
leading order QCD corrections.
The effective Hamiltonian for the b→ s transition processes is given as [9, 27,
28]
Heff1 =
11∑
i=1
Ci(Q)Oi(Q) + h. c. , (3.1)
where Q is the renormalization point. The operators relevant to the present study
are
O7 = e
(4π)2
mb(sσ
µνbR)Fµν , (3.2a)
O9 = e
2
(4π)2
(sγµbL)(lγµl) , (3.2b)
O10 = e
2
(4π)2
(sγµbL)(lγµγ5l) , (3.2c)
for b→ s γ and b→ s l+ l−, and
O11 = e
2
(4π)2
(sγµbL)(νγµ(1− γ5)ν) , (3.3)
for b→ s ν ν. Other operators (the four-quark operators O1,2,···,6 and the chromo-
magnetic operator O8) contribute through the QCD corrections. We first calculate
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the Wilson coefficients Ci at the electroweak scale with use of the masses and the
mixings of SUSY particles as well as the SM ones. Then we evaluate Ci at mb scale
including the QCD corrections below the electroweak scale in order to obtain the
branching ratios of b→ s decays.
As for the next-to-leading order QCD correction in the calculation of B(b→ s γ),
we follow Ref. [12,29–32] for the SM contribution and Ref. [13] for the charged Higgs
boson contribution. The QCD correction consists of the O(αs) matching at the elec-
troweak scale [13, 29, 30], the next-to-leading order anomalous dimension [12], two-
loop matrix elements [31] and the Bremsstrahlung corrections [32]. In Ref. [30], the
SM value is given as B(b→ s γ)NLOSM = (3.60± 0.33)× 10−4 compared to the leading
order result B(b→ s γ)LOSM = (2.8 ± 0.8)× 10−4. O(αs) matching conditions for the
SUSY loop corrections have not been completed. In Ref. [33], these corrections are
given for the case that the ratio of the chargino mass and the top squark mass is
large. Since we are mainly interested in the case that both particles are relatively
light, we do not include these corrections. Recently electroweak radiative correc-
tions to B(b→ s γ) is considered in Ref. [34]. We will discuss these effects on the
numerical results later although we have not included them explicitly in the calcu-
lation. For the next-to-leading order QCD corrections to b→ s l+ l− and b→ s ν ν
we follow Ref. [28, 35].
The main SM contributions to the b→ s decays come from the loop diagrams
involving the top quark and the relevant CKM matrix element is V ∗tsVtb, which is ap-
proximately written as V ∗tsVtb ≈ −V ∗csVcb because of the unitarity and the smallness
of V ∗usVub. Also the charm quark loop contribution has the CKM factor V
∗
csVcb. Con-
sequently, unlike B0–B
0
mixing, ǫK and K → π ν ν the SM values of the branching
ratios for above processes are calculable without much uncertainty since the relevant
CKM factors are known in a good accuracy.
The SM predictions of the branching ratios for these processes are B(b→ s l+ l−) ≃
0.8(0.6)×10−5 for l = e (µ) and B(b→ s ν ν) ≃ 4.2×10−5. These processes have not
yet observed experimentally and only upper bounds are given by B(b→ s l+ l−) <
5.7(5.8)×10−5 for l = e (µ) [36] and B(b→ s ν ν) < 3.9×10−4 [37]. The b→ s l+ l−
process is expected to be observed in the near future at the B factories and hadron
machines.
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III.2 K+ → π+ ν ν and KL → π0 ν ν
The branching ratios ofK → π ν ν processes are calculated by evaluating the Wilson
coefficient Cd11 in the effective Hamiltonian
Heffd = Cd11Od11 + h. c. ,
Od11 =
e2
(4π)2
(sγµdL)(νγµ(1− γ5)ν) , (3.4)
in a similar way as b→ s ν ν. The branching ratios normalized to that of the Ke3
decay are written as
B(K+ → π+ ν ν)
B(K+ → π0 e+ νe) =
(
α
4π
)2 ∑ν ∣∣∣Cd11∣∣∣2
|Vus|2G2F
rK+ , (3.5a)
B(KL → π0 ν ν)
B(K+ → π0 e+ νe) =
(
α
4π
)2 ∑ν ∣∣∣ImCd11∣∣∣2
|Vus|2G2F
τKL
τK+
rKL , (3.5b)
where τKL(τK+) denotes the lifetime for KL(K
+) and rK+ and rKL are isospin break-
ing factors [38].
The SM contributions to Cd11 come from both the top and the charm loops with
CKM factors V ∗tsVtd and V
∗
csVcd, respectively. The dependencies on Vtd (or ρ and η in
the Wolfenstein’s parametrization) are different in K+ → π+ ν ν and KL → π0 ν ν
since only the V ∗tsVtd term contributes to KL → π0 ν ν while the sum of both terms
contributes to K+ → π+ ν ν. The details of the calculation of K → π ν ν processes
in the SM are available in Ref. [28]. Following this reference, we have taken into
account the next-to-leading order QCD correction to the SM contribution.
The SM predictions for above branching ratios are given by B(K+ → π+ ν ν) =
(0.6–1.5) × 10−10 and B(KL → π0 ν ν) = (1.1–5.0) × 10−11 taking into account the
ambiguity of unknown CKM parameters [28]. Recently one candidate event of
K+ → π+ ν ν is reported and the branching ratio derived from this observation cor-
responds to 4.2+9.7−3.5× 10−10 [39]. On the other hand for KL → π0 ν ν only the upper
bound is given by B(KL → π0 ν ν) < 1.8 × 10−6 [40]. Although the upper bound
is still 105 larger than the SM prediction, dedicated searches for KL → π0 ν ν are
planned at KEK [41], BNL [42] and Fermilab [43]. The K → π ν ν processes are
theoretically very clean and the theoretical errors, such as QCD corrections, are ex-
pected to be <∼ 10% for K+ → π+ ν ν and a few % for KL → π0 ν ν [28]. Therefore
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K → π ν ν processes may give useful information on the SUSY parameters if the
branching ratios are measured at 10% level.
III.3 B0–B
0
mixing and ǫK
The B0–B
0
mixing matrix element M12(B) is calculated from the effective Hamil-
tonian
Heff2 =
1
128π2
A(B)(dγµbL)(dγµbL) + h. c. , (3.6)
with
M12(B) =
1
2mB
〈B0|Heff2 |B0〉
=
BˆBηBf
2
BmB
384π2
A(B) , (3.7)
wheremB, fB, BˆB and ηB are the B-meson mass, decay constant, bag parameter and
QCD correction factor, respectively. The K0–K
0
mixing matrix element M12(K) is
obtained in the same way by replacing the external bottom quark with the strange
quark and the ǫK is proportional to ImM12(K). We calculate the coefficient A(B)
and A(K) as described in Ref. [6] with the inclusion of the next-to-leading order
QCD corrections given in Ref. [44]. The experimental values for the B0–B
0
and
K0–K
0
mixings are given as ∆mB = 2 |M12(B)| = (0.474± 0.031) ps−1 [22, 45] and
|ǫK | = (2.280 ± 0.013) × 10−3 [22]. At present these observables do not constrain
the SUSY parameters very strongly because the CKM parameters relevant to these
quantities are not well-determined and considerable hadronic uncertainties still exist
in BˆK , BˆB and fB.
IV Numerical Results
In this section we show our numerical results. We scan the soft SUSY breaking
parameter space in the range of m0 ≤ 600 GeV, ∆0 ≤ 600 GeV, MgX ≤ 600 GeV
and |AX | ≤ 5 for each fixed value of tan β. For the CKM matrix, we use the
‘standard’ phase convention of the Particle Data Group [22], taking Vus = 0.2205,
Vcb = 0.041, |Vub/Vcb| = 0.08 and δ13 = 90◦ as input parameters. We also change
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the value of δ13 and comment on the results if necessary. We fix the pole masses of
the top, bottom and charm quarks as 175 GeV, 4.8 GeV and 1.4 GeV, respectively.
We also take αs(mZ) = 0.118.
Let us first discuss general features of the mass spectrum and the generation
mixings of squarks determined by RGEs.
1. The first and second generation squarks with the same gauge quantum num-
bers remain highly degenerate in masses but the third generation squarks,
especially the top squark can be significantly lighter due to the renormaliza-
tion effect of the top Yukawa coupling constant.
2. The squark flavor mixing matrix which diagonalize the squark mass matrix is
approximately the same as corresponding CKM matrix apart from the left-
right mixing of the top squarks.
As a result, SUSY contributions to the b → s (s → d) transition amplitudes and
M12(B) (M12(K)) are proportional to VtbV
∗
ts (VtsV
∗
td) and (VtbV
∗
td)
2 ((VtsV
∗
td)
2), re-
spectively. Therefore CP violating phase of M12(B(K)) is equal to that in the SM.
These features are the same as those in the minimal case [6, 9, 16].
The quantitative difference between the minimal and the nonminimal choices
of the soft SUSY breaking parameters appears in the mass spectrum. In Fig. 1
we show the allowed region in the space of the lighter chargino and the lighter
top squark masses for a different assumption on m0 and ∆0 for tanβ = 2 and 30.
We present the allowed region for the full parameter space, and the minimal case
(m0 = ∆0). Contrary to the minimal case we see that a relatively light top squark
and chargino with masses mt˜1 ∼ 100 GeV and mχ˜±1 ∼ 100 GeV are simultaneously
realized especially for tanβ = 2. This difference of the allowed mass spectrum leads
to a quantitative change in the prediction of the FCNC observables for the minimal
and the nonminimal cases.
IV.1 b→ s γ, b→ s l+ l− and b→ s ν ν
As discussed above the SUSY contribution to the b → s transition amplitudes is
proportional to the VtbV
∗
ts element just as the SM and the charged Higgs boson con-
tributions. As discussed in the subsection III.1, the VtbV
∗
ts element is well-constrained
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from the unitarity of the CKM matrix so that there is little ambiguity associated
with this input parameter. The Wilson coefficients C7, C9 and C10 are relevant to
the b→ s γ and b→ s l+ l− decays. The values of C7, C9 and C10 in the supergravity
model are shown in Fig. 2. Each coefficient is evaluated at the bottom mass scale
and is normalized by the corresponding SM value. The SUSY contribution to C7
can be as large as or even lager than the SM contribution especially for a large tan β.
We can see that the sign of C7 can be opposite to that of the SM prediction. On the
other hand the SUSY contributions to C9 and C10 are relatively small and interfere
with SM ones constructively in C9 and destructively in C10. These features are the
same as those in the minimal case discussed in Ref. [9].
In Fig. 3 we show the branching ratio of b→ s γ as a function of the charged
Higgs boson mass for tanβ = 2 (minimal and nonminimal cases) and tanβ = 30
(nonminimal case). For tan β = 30, the plot looks the same even if the parameter
space is restricted to the minimal case. Here we fix the renormalization point µb
as µb = mb. In the calculation of B(b→ s γ) we use the electromagnetic coupling
constant αEM at mb scale which is given by α
−1
EM(mb) ≃ 132.3. Considering that
the next-to-leading order formulas still contain theoretical ambiguities due to the µb
dependence and the choice of the various input parameters, we should allow theo-
retical uncertainty at 10% level for each point. It is interesting to notice that for the
minimal case with tan β = 2 there are two branches for B(b→ s γ). In one branch
the branching ratio is close to the two Higgs doublet model (type II) prediction,
therefore the contributions from SUSY particles are small. In the other branch it
is consistent with the SM value, so that the charged Higgs boson contribution is
canceled by the SUSY contributions.
In Fig. 4 we show the correlation between the branching ratios of b→ s γ
and b→ s µ+ µ−. In this figure in order to avoid the J/ψ resonance we use the
branching ratio for b→ s µ+ µ− integrated in the region 2mµ <
√
s < mJ/ψ − 100
MeV where
√
s is the invariant mass of µ+µ− pair. As discussed in Ref. [9], the
branching ratio in this region depends on the phase of the b–s–J/ψ coupling κ
through the interference effect. Although the branching ratio can change by ±15%,
this ambiguity will be reduced if we can measure the lepton invariant mass spectrum
near the J/ψ resonance region. As an example we take κ as +1 here. We can see
that a strong correlation between the two branching ratios since only C7 receives
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the large SUSY contribution. In the present supergravity model therefore a large
deviation of B(b→ s l+ l−) from the SM prediction is expected only when the sign
of C7 is opposite to that in the SM, which is realized for a large tanβ. This situation
is similar to the minimal case [9].
The amplitude of b→ s ν ν is determined by the Wilson coefficient C11. Apart
from the CKM matrix element the SUSY contribution to C11 is the same as the
SUSY contribution to Cd11. The branching ratio for b→ s ν ν normalized by the
SM prediction (B(b→ s ν ν)/B(b→ s ν ν)SM) is practically the same as a similar
ratio for KL → π0 ν ν (B(KL → π0 ν ν)/B(KL → π0 ν ν)SM), which is discussed in
the next subsection.
IV.2 K+ → π+ ν ν and KL → π0 ν ν
As shown in Eq. (3.5) the branching ratios for K+ → π+ ν ν and KL → π0 ν ν are
proportional to
∣∣∣Cd11∣∣∣2 and ∣∣∣ImCd11∣∣∣2, respectively. In the SM Cd11 is divided into two
parts according to the relevant CKM matrix elements as follows:
Cd11 = VtdV
∗
tsC
d
11(top) + VcdV
∗
csC
d
11(charm). (4.1)
As discussed before the SUSY contribution is proportional to VtdV
∗
ts therefore we
can write
Cd11 ≃ VtdV ∗ts(Cd11(top) + Cd11(SUSY)) + VcdV ∗csCd11(charm), (4.2)
where Cd11(SUSY) is the SUSY contribution including the charged Higgs boson con-
tribution. This kind of parametrization for K → π ν ν is considered in Ref. [11].
In Fig. 5 we show the branching ratio for KL → π0 ν ν normalized by the SM
prediction as a function of the lighter chargino mass and the lighter top squark
mass for tanβ = 2. Also the correlation with the B(b→ s γ) is shown. In Fig. 5(a)
and Fig. 5(b), we use the CLEO bound on B(b→ s γ) as a constraint on the SUSY
parameter space. In order to take into account the theoretical ambiguity in a simple
way, we allow 10% uncertainty in the branching ratio and use (1.0 × 10−4) × 0.9
and (4.2 × 10−4) × 1.1 as lower and upper bounds, respectively. Note that the
ratio B(KL → π0 ν ν)/B(KL → π0 ν ν)SM does not depend on the CKM parameters
because only the first term in Eq. (4.1) contributes to this process. We see that
the branching ratio for KL → π0 ν ν becomes smaller than the SM prediction by
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10%. In the minimal case the maximal deviation is within 3%. We investigated
in which parameter region the maximal deviation is realized. We found that the
large deviation occurs in the m0 ≃ 150 GeV and ∆0 ≃ 400 GeV region which
corresponds to the parameter region with mχ±
1
, mt˜1 ≃ 100 GeV shown in Fig. 1.
From Fig. 5(c) we can see that a sizable reduction of B(KL → π0 ν ν) occurs when
B(b→ s γ) becomes larger than the SM value. We also calculate B(KL → π0 ν ν)
for different tanβ and found that the deviation becomes smaller for a large tan β.
For example the maximal deviation is about 5% for tanβ = 30. As we can see
in Eq. (4.2), the branching ratio of K+ → π+ ν ν and KL → π0 ν ν have a strong
correlation. We show the correlation for three different values of δ13 in Fig. 6. In
this figure we fix m0 = 150 GeV, but the correlation does not depend on the value
of m0. The deviation from the SM value for B(K
+ → π+ ν ν) is about 20% smaller
than that for B(KL → π0 ν ν).
IV.3 B0–B
0
mixing and ǫK
Just as in the KL → π0 ν ν and K+ → π+ ν ν case, the B0–B0 mass splitting ∆mB
and ǫK normalized to SM values are linearly correlated with each other as noted
in [5,6]. We show the correlation for δ13 = 30
◦, 90◦ and 150◦ in Fig. 7. We see that
the deviation from SM in ǫK is about 80% of that in ∆mB . In the following, we
only show the results for ∆mB , but the corresponding results on ǫK can be easily
obtained from Fig. 7. In Fig. 8 we show ∆mB normalized by the SM value as a
function of the lighter chargino mass, the lighter top squark mass and B(b→ s γ)
for tan β = 2. The deviation can be as large as 40% in the nonminimal case whereas
20% in the minimal case. From Fig. 8(b) we can see that the deviation larger than
20% is realized only in the nonminimal case when the top squark mass is smaller than
200 GeV. In this region B(b→ s γ) also deviates from the SM value significantly as
shown in Fig. 8(c). This result indicates the importance of the further improvement
of the B(b→ s γ) measurement and the top squark search. If the lower bound for
the top squark mass is raised to 200 GeV, the maximal deviation of ∆mB is reduced
to 25%. On the other hand, if the b→ s γ branching ratio turns out to be close to
the present upper or lower bound, ∆mB and ǫK might be significantly enhanced.
We should notice that because the theoretical uncertainty is already reduced to 10%
level the experimental determination of B(b→ s γ) at that level will put a strong
13
constraint on the SUSY parameter space. We also calculated ∆mB for tan β = 30
and found that the deviation from the SM value is less than 10%. In Fig. 9 we show
the correlation between B(KL → π0 ν ν) and ∆mB. For tan β = 2 we see a strong
correlation between these two quantities: B(KL → π0 ν ν) is reduced by 10% when
∆mB is enhanced by 40%. We can also see the correlation for tan β = 30. In this
case ∆mB can be enhanced by 10% in the region where B(KL → π0 ν ν) is reduced
by 5%.
V Conclusions and discussions
In this paper we have studied the FCNC processes of B andK mesons in the minimal
supergravity model and in the supergravity model with an extended parameter space
of the soft SUSY breaking parameters. We take into account the recent mass bounds
for SUSY particles at LEP II and the next-to-leading order QCD corrections to
various processes including b→ s γ.
We find that the branching ratio for b→ s l+ l− can be enhanced by about 50%
compared to the SM value for a large tan β when the sign of C7 becomes opposite to
that of SM. For tan β = 2, the b→ s ν ν, K+ → π+ ν ν and KL → π0 ν ν processes
have similar SUSY contributions and it turns out that these branching ratios are
reduced at most 10% in the nonminimal case whereas less than 3% in the minimal
case. The B0–B
0
mixing and ǫK are enhanced up to 40% from the SUSY contribu-
tions in the nonminimal case whereas 20% in the minimal case. We investigate the
correlation among ∆mB, ǫK and B(K → π ν ν), and found that the large deviation
occurs when the chargino is lighter than 150 GeV and the top squark is lighter than
200 GeV. In the same parameter region B(b→ s γ) is close to the upper or lower
bound of the presently allowed region. For a large tanβ, the deviations of ∆mB , ǫK
and B(K → π ν ν) are smaller. In the minimal case these deviations are somewhat
smaller than the previous calculation [6,9] especially for b→ s ν ν . This is because
the mass bounds for chargino etc. have been improved by the LEP II experiments.
We note that the maximal deviation depends on the light top squark mass bound.
Therefore the light top squark search in TEVATRON experiments can reduce a pos-
sible parameter space where a large deviation from the SM value in FCNC processes
is realized.
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In this paper we extend the minimal supergravity model by introducing an
additional parameter for the soft SUSY breaking term in the Higgs sector. This
is not the unique way to extend the soft SUSY breaking terms. In order to avoid
too large FCNCs, we only require that the squarks/sleptons in the same quantum
numbers should have the common mass term at the Planck scale. Since the main
difference is the change of the SUSY mass spectrum, a deviation with a similar
magnitude is expected to be realized in a more general case as long as a light top
squark and light chargino mass region is allowed.
In Ref. [34] electroweak radiative corrections to B(b→ s γ) is computed. They
found that the fermion and the photonic loop effects reduce the branching ratio by
9 ± 2%. It is argued that the dominant contribution is due to the electric charge
renormalization, and as a result the electromagnetic coupling constant should be
evaluated at q2 = 0, i.e., α−1EM(0) = 137.036. Since we use αEM(mb), this correction
reduces B(b→ s γ) by 3%.
Let us finally discuss the implications of these results when various informa-
tion is obtained in future B and K decay experiments. Firstly, since no new phase
appears in M12(B), the CP asymmetry measured in the B
0(B
0
) → J/ψKS decay
is directly related to the angle φ1 = arg
(
− V ∗tdVtb
V ∗
cd
Vcb
)
of the unitarity triangle. CP
asymmetries in other B decay modes and the ratio of the ∆mB’s for Bs and Bd
also provide information on the CKM matrix elements as in the SM. On the other
hand, “|Vtd|” obtained from ∆mB and ǫK may be different from that obtained above
if we assume the SM analysis. In the same way “|Vtd|” from the branching ratios
of KL → π0 ν ν and K+ → π+ ν ν may be different. As shown in Fig. 9, the SUSY
contributions are constructive to the SM contribution in ∆mB (ǫK) and destructive
in B(K → π ν ν) so that the deviations of “|Vtd|” from the true value become op-
posite. Therefore combining CP asymmetry in B decay, ∆mBs and various FCNC
observables in B and K decays, we may obtain a hint on the existence of SUSY
particles.
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Figure Captions
FIG. 1 Allowed regions in the space of the lighter chargino mass mχ˜±
1
and the
lighter top squark mass mt˜1 for (a) tanβ = 2 and (b) tanβ = 30. The dots
represent the allowed region for the full parameter space and the squares show
the allowed region for the minimal case (m0 = ∆0).
FIG. 2 C7, C9 and C10 normalized to the SM values for (a) the full parameter space
with tan β = 2; (b) the minimal case with tan β = 2; (c) the full parameter
space with tanβ = 30; and (d) the minimal case with tanβ = 30.
FIG. 3 B(b→ s γ) in the supergravity model as a function of the charged Higgs
mass for (a) tan β = 2 and (b) tanβ = 30. Each solid line shows the branching
ratio in the two Higgs doublet model (type II). Each dashed line shows the
branching ratio in the SM. Dotted lines denote the upper and lower bounds on
the branching ratio given by CLEO. For tan β = 2 the values in the minimal
case is also plotted with circles.
FIG. 4 Branching ratios of b→ s γ and b→ s µ+ µ− for (a) tan β = 2; and (b)
tanβ = 30. Here, B(b→ s µ+ µ−) is obtained by integrating in the range
2mµ <
√
s < mJ/ψ − 100 MeV where
√
s is the invariant mass of µ+µ− pair.
The dots show the values in the full parameter space, the squares show those
in the minimal case and the circle represents the SM value. The vertical dotted
lines show the upper and lower bounds on B(b→ s γ) given by CLEO.
FIG. 5 The branching ratio forKL → π0 ν ν normalized to the SM value for tanβ =
2 (a) as a function of the lighter chargino mass; (b) as a function of the lighter
top squark mass; and (c) as a function of B(b→ s γ). Each dot represents
the value in the full parameter space and each square shows the value for the
minimal case. The vertical dotted lines in (c) show the upper and lower bounds
on B(b→ s γ) given by CLEO. In (a) and (b) the CLEO bound is imposed
(see text).
FIG. 6 Correlation between B(K+ → π+ ν ν)/B(K+ → π+ ν ν)SM and B(KL → π0 ν ν)/
B(KL → π0 ν ν)SM for tan β = 2. Here, m0 is fixed to 150 GeV and δ13 is taken
as 30◦, 90◦ and 150◦.
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FIG. 7 Correlation between ǫK/(ǫK)SM and ∆mB/(∆mB)SM for tan β = 2. Here,
m0 is fixed to 150 GeV and δ13 is taken as 30
◦, 90◦ and 150◦.
FIG. 8 ∆mB normalized by the SM value for tan β = 2 (a) as a function of the
lighter chargino mass; (b) as a function of the lighter top squark mass; and
(c) as a function of B(b→ s γ). Each dot represents the value in the full
parameter space and each square shows the value for the minimal case. The
vertical dotted lines in (c) show the upper and lower bounds on B(b→ s γ)
given by CLEO. In (a) and (b) the CLEO bound is imposed.
FIG. 9 Correlation between B(KL → π0 ν ν)/B(KL → π0 ν ν)SM and ∆mB/(∆mB)SM
for (a) tan β = 2; and (b) tan β = 30.
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